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@ Treatment of viscous crude oU. 

@ Asphaltenes and/or wax and/or water are removed from 
crude oil (1 ) by contacting (2) the crude oil with an organic solvent 
(3, 7) to dissolve the crude oil and precipitate asphaltenes and/or 
wax and separate the oil (5) and water (4). Solvent (11) is then 
separated from the deaspalted and/or dewaxed and/or dehy- 
drated crude oil (12). Rerhovirig asphaltenes, wax and/br water 
reduces the viscosity of the crude oil and it can then be trans- 
ported, eg by pumping through a pipeline, with less expenditure of 
energy. 
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TREATMENT OF VISCOUS CRUDE OILS 

This inventipa relates to a method for reducing the viscosity 
of vidcbas crude oils by removing asphaltenes and heavy metals such as 
nickel and vanadium in the case of heavy crude and waxes In the case 
of lighter crudes. 

5 Mahy crude oils are viscous when produced and are thus difficult, 

if not impossible, to transport by aormal methods from the production 
location to a refinery. Such crude oils often contain high 
concentrations of asphaltenes or wax and co-produced water, which Is 
frequently saline, dispersed as small droplets. These materials 
increase tte^ the crude oil. 

' Several methods hav^ been devised for the transportation of aich 
crudes by pipeline. These include (1) heating the crude and 
insulating the pipeline, (2) adding a non-recoverable solvent, (3) 
adding a recoverable solvent, (4) adding a lighter crude, (5) forming 

15 an aimulus of water around the crude and (6) emlsifying the crude In 
water. 

Methods (l)-(4) can be expensive in terms of added components and 
capital expenditure and Method (5) is technically difficult to 
achieve. Method (6), whilst superficially attractive, presents 
20 special difficulties. The dispersion of a highly viiscous oil in a 
medium of mi ch lower viscosity is an unfavourable process on 
hydrodynamic grounds. 

We have now discovered that removing asphaltenes and/ or wax from 
crude oiobs results in a lowering of viscosity which renders them more 
25 tractable. 
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Thus according to the present Invention there Is provided a 
method for the removal of asphaltenes and/or wax from crude oil which 
method comprises the steps of contacting the crude oil with an organic 
solvent to dissolve the crude oil and precipitate asphaltenes and/or 
yax,8eparatlng the asphaltenes and/or wax from the oil and solvent, 
and separating solvent from the deasphalted and/or dewaxed crude oil. 

Heavy metals such as vanadium and nickel are almost always 
associated with asphaltene and porphyrin molecules which are also 
precipitated and hence the method also serves to reduce the 
concentration of these materials. 

Suitable solvents Include normally liquid paraf f inlc hydrocarbons 
such as pentane, hexane and heptane, and mixed solvents such as 
naphtha. 

The ratio Of the volume of solvent required to the volume of th« 
crwte oil fdr deasphaltlng and/or dewaxlng Is preferably in the range 
1:10 to 8:1. 

Contact is preferably effected at a temperature in the range 40« 
to 60^C and a period of between 1 to 10 minutes. 

The solvent may be separated f rom the deasphalted and/or dewaxed 
crude oil by distillation and recovered for further use. 

Soltable viscous, heavy and/or asphaltenlc crude oils for 
treatment are to be found In Canada, the USA and Venezuela, for 
axapple I-dca Marguerite crude oil fti>m Alberta, Hewitt crude oil from 
Oklahoma and Cerro Hegro crude oil from th^ Orinoco oil belt. 

Generally the API Gravity is In range 5* to 15% although the 
«*ethod c«i be applied to crude oils outside this API range to special 
circumstances. For exaiopie the method can also be applied to 
non-asphaltenlc crudd oils such as Beatrice from the UK sector of the 
North Sea. This crude olX (30- API) is viscous because of Its high 
wax content and the subsequent gel structure developed by 
Intermolecular association of wax components. 

It will generally be found that the viscosity of such crude oils 
can be reduced by a factor of 10 to 100 times following deasphaltteg 
and/or dewaxlng and removal of solvent. 

As stated previously, following production, the crude pll can 



2 



3 



013it088 



contain water to a greater or lesser extent and this needs to be 
removed. The action of water removal Is termed crude oil dehydration. 
Some emulsions may be broken down by heat alone but more often it is 
necessary to add a surface tension reducing chemical to achieve this 
5 end. Generally the application of heat and/or chemical is sufficient 
to reduce the water content » and more importantly the salt content » to 
an acceptable level but sometimes it is necessary to use electrostatic 
precipitation. 

A dehydrated oil normally contains between 0.1 and 1.0% by volume 

10 of water. However^ if the salinity of the remaining water is high, 

the salt content of the crude oil will also be high* eg 100-1*000 ptb 
(pounds salt per 1*000 barrels of crude oil, equivalent to 300 to 
3*000 ppm)* even when such low quantities of water are present. This 
is undesirable because the presence of salt reduces the value of the 

15 crude oil* leads to the corrosion of pipelines and downstream 

distillation columns and* additionally* poisons catalysts which may be 
used in downstream refining processes. 

With most crude oils it is necessary to remove the salt from the 
crude oil by washing with fresh water or a low salinity aqueous phase* 

20 Imparting a degree of mixing to ensure adequate contact between high 
salinity water in the crude and low salinity wash water* and then 
carrying out the separation process by any of the means des crlbed 
above. This combined process is termed crude oil desalting. 

The two processes of dehydration and desalting may both be 

25 carried out at the production location to give a crude oil with about 
O.IZ water and 20 ptb salt. Furthermore an additional desalting 
process may be carried out after the crude oil is received at a 
refinery. 

We have further discovered that if a crude oil containing 
30, dispersed salt water is treated with a suitable solvent as 

hereinbefore described* then in addition to the asphaltenes and/or wax 
being precipitated, the dispersion of salt water in the crude oil is 
more easily removed and the crude oil can be more readily dehydrated 
and desalted. 

35 Thus according to a further aspect of the present invention there 
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ehe step, Of coL«'rZ . °" ""'"^ 

j™.:.^ 1 ■ th„.e previously ^.rl,.ej. le. 

Coiaitlon. of tr«it«nt m also .lrtl.r. 

"""r *^ P~«'P".tl.. of the 

asphaltenes and/or wa-r k^#-k i,* ^ 

Deh3rdr.tioa and desalting can be carried out together or 
0 separately « preilalnaty treat«enf- a,. ^osether or 

manufactured and a«r.«w^j u v^xvenc ana are 

^^^^^^^ «^ .^UM ^ e v.«.t. Of Chanel .„d .errtce 

",.lred tor c^let. de«ptalu^ ,„d/or de»a«lng ^ 
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suitably in the range 5 to 50% by volume of the crude oil. the 
remainder being added subsequently to the n^iu treatment. 

The asphalt residue removed from the crude oil can be used as a 
fuel and transported to its place of use in the form of an aqueous 
Blurry or emulsion by adding water and an emulsifying agent. The 
water used can be either fresh or recovered from the 
dehydration/desalting of the crude oil. 

Simultaneous dehydration, desalting and deasphalting has the 
advantage that the asphaltenes can be removed with the separated 
water, thus pre-empting the requirement for a separate dehydration 
tank or the addition of fresh water. 

Because the viscosity of the crude oil is lowered by deasphalting 

treated crude will generally be suitable for transportation by 
Pipeline with relatively low expenditure of energy. 

Thus according to another aspect of the present Invention there 
is provided a ^thod for the transportation of a viscous crude oil 
Which method comprises the steps of removing asphaltenes and/or wax 
aud/or salt water by a method as hereinbefore described and pumping 
the treated crude oil through a pipeline. • 

The invention is illustrated with reference to Figures 1 and 2 of 
the accompanying drawings Which are schematic flow diagrams. 

With reference to Fig 1. wet crude oil containing either free 

is fed by Une 1 to a dehydration separator 2. Solvent is added to 
the crude oil ^ 3 before it enters the separator. The solvent 

is a mixture of low molecular weight hydrocarbons with an average 
carbon number of 5 and is added to the crude oll iu amouxit 15% by 
volume* ' 

The presence of the solvent decreases the viscosity of the crude 
Oil. thus enabling the free water to settle out more easily and 
enabling the dispersed droplets to flocculate, coalesce and settle 
acre rapidly following the addition of a suitable de^lsifier. 

so th^t'ir''T' ^"'^'^ ''^"^ ^^^^-^ 

so that it can facilitate transportation. ' 
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tta crude oil. '"I"" •« 

<.«auxu.ng water are removed by line 8. 

The crude oil aad solvent then piss by line 9 to . A, .... 
or evaporation unit 10 in which , distillation 

crude oil. "'^ ^« separated from the 

line It through una 11 and the latter removed by 

Xess than T^^^^ VT^^Z^^ ^ '^^"^ ^ - 
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Example 3 

The oil remaining after the partial separation of formation water 
(Example 2) was decanted and then pentane was added in a 6:1 w/w ratio 
(10:1 v/v) and 20 ppm Nalco 3651 was added to the mixture. The sample 
was heated to 60**C and within 60 minutes over 50% of the remaining 
water separated together with the asphaltene fraction of the crude 
oil. 

Example 4 

Demulsifter (20 ppm Nalco 3651) was injected Into a crude oil 
emulsion (Cerro Negro 34, containing 28% w/w formation water) and 
mixed using a homogeniser. The mixture was then heated to 60'*C and 
the separation of water was observed as a function of time. 

The amount of water separated after 24 hours was approximately 3% 
of the total water content of the crude oil. 



Exaiiq>le 1 clearly demonstrates how the properties of the crude 
oil in^irove following the removal of its asphaltene fraction. The 
deasphaited crude oil is much less viscous and therefore easier to 
transport and contains lower concentrations of heavy metals. 

A comparison of the data presented in Exanqjles 2, 3 and on the 
one hand and 4 on the other illustrates how the addition of solvent 
facilitates the removal of water from crude oil emulsion. Example 3 
illustrates how asphaltenes can be precipitated with the aqueous 
phase. 
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It is possible to calculate pipeline pressure drops and energy 
requirements for the two crude oils using the above data. These are 
presented in Table 3 and it is clear that the deasphalted crude, oil ^ 
requires considerably less energy for transportation. 
5 TABLE 3 

Pipeline Properties 
Flow Rate 100,000 BOPD (barrels of oil per day) 
Diameter of pipeline 36 Inches (91.4 cm) 
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Claims : 



X. A «ethod for the removal of asphaltenes and/or wax from crude oil 
which method coo-prlses the steps of contacting the crude oil with an 
organic solvent to dlasolve the crude oil and precipitate asphaltenes 
and/or wax. separating the asphaltenes and/or wax from the oil and 
solvent, and separating solvent from the deasphalted and/or dewaxed 
crude oil, 

2. A method according to claim I for the removal of asphaltenes 
and/or wax and water from crude oil which method comprises the steps 
Of contacting the crude oil with an organic solvent to dissolve the 
crude oil and precipitate asphaltenes and/or wax and separate the oil 
and water, separating the asphaltenes and/ or wax and water from the 
oil and solvent, and separating solvent from the deasphalted and/or 
dewaxed and dehydrated crude oil. 

3. A method according to claim 2 wherein the water is salt water aad 
the crude oil Is desalted. 

4. A method according to any of the preceding claims wherein the 
solvent Is pentane. hexane, heptane or naphtha. 

5. A method according to any of the preceding claims wherein the 
ratio of the volume of solvent to the volume of crude oil is In the 
range 1:10 to 8:1. « in ctie 

6. A method according to any of the preceding claims wherein the 
treatment is effected at a temperature in the range AO" to 60-c. 

7 A method according to any of the preceding claims wherein the 
crude on has an API Gravity In the range 5« to 15'. 

a!d desTr ""'"'"^ '° ' '° ' ^^"^-^ <iehydratlon 

and desalting are carried out as preliminary treatments . 

des'altirall T^T" " °' ^'^'^ ' ' ^^^"^'^ Rehydration, 
desalting and deasphalting are carried out simultaneously. 
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10, A method according to any of claims 3 to 9 wherein dehydration 
and desalting are carried out in the presence of a demulsif ier. 

11. A method for the transportation of a viscous crude oil which 
method coB5>rlse8 the steps of removing asphaltenes and/or wax and/or 
water by a method according to any of the preceding claims and pumping 
the treated crude oil through a pipeline. 
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